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The surprising anatomical diversity in the roots of African Restionaceae
Linder, H Peter
Abstract: The root anatomy of 291 of the 350 species of the African Restionaceae, one of the ecologically
dominant and taxonomically diverse elements of the Cape flora, is reported. There is substantial variation
in the cortex (either collapses in older roots or persists as an aerenchyma), endodermis (in relative size,
shape of the endodermal cells, and degree of wall thickening), pericycle (from 1 to 10 cells, varying from
unthickened to massively thickened), and the metaxylem vessels (5 to more than 100, organized in a
ring or scattered). Almost all root anatomical characters are phylogenetically constrained, similar to
the culm anatomical characters. Although it is possible to, based on root anatomy, recognize groups of
genera with broadly similar root anatomies, there are often also exceptions, indicating some evolutionary
lability. Variation not phylogenetically controlled is significantly explained by differences in ground water
availability and mean annual precipitation. The descriptive data are available in an online interactive
key. The variation in root anatomy may contribute interesting insight into the evolution of this unusual
group of plants.
DOI: https://doi.org/10.1016/j.ppees.2018.08.004
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associations	(Lambers	et	al.,	2006),	 and	are	part	 of	 the	 “plant	economic	spectrum”	 that	 combines	 root	 and	 shoot	 traits	 (Freschet	et	al.,	2015;	Kramer-Walter	et	al.,	2016;	 Pohl	 et	 al.,	 2011).	 Fine	 root	 functional	 traits	 show	both
phylogenetic	and	ecological	signals,	root	traits	may	even	be	more	phylogenetically	constrained	than	leaf	traits	(reviewed	in	Valverde-Barrantes	et	al.,	2017).	This	is	formulated	as	the	“root	trait	phylogenetic	conservatism	hypothesis”.
The	older	part	of	 the	 roots	 is	primarily	a	 transport	pipe,	moving	water	 from	the	 root	 tips	 to	 the	above-ground	part	of	 the	plant,	and	nutrients	and	oxygen	below	ground	 to	 the	 fine	 roots,	 this	 transport	 is	often	 through	a	hostile
environment.	Mature	root	functional	traits	include	metaxylem	vessel	size	(Lynch	et	al.,	2014)	and	organization,	as	well	as	aerenchyma	and	the	controls	on	radial	oxygen	loss	(Connell	et	al.,	1999).
It	is	unclear	how	much	older	root	anatomical	variation	is	phylogenetically	or	ecologically	constrained,	and	consequently	how	useful	this	could	be	systematically.	Although	there	is	a	general	survey	of	root	anatomical	structure
and	 variation	 across	 the	 monocots,	 as	 part	 of	 the	 Anatomy	 of	 Monocots	 project	 (e.g.	 Cutler,	 1969;	Metcalfe,	 1960;	 Tomlinson,	 1969),	 there	 have	 been	 relatively	 few	 detailed	 (e.g.,	 almost	 complete	 generic	 coverage)	 systematic


























remarkable,	 with	 2-–4 m	 deep	 roots	 reaching	 the	 permanent	 water-table,	 whereas	 shallower	 roots	 are	 summer-dormant	 (Shane	 et	 al.,	 2009).	 However,	 very	 little	 has	 been	 published	 on	 roots	 of	 the	 African	 Restionaceae	 (the














grown	 in	 normal	 potting	 soil	 and	 with	 a	 biweekly	 watering	 regime,	 under	 glass	 to	 prevent	 freezing,	 for	 at	 least	 two	 years	 to	 ensure	 that	 mature	 roots	 were	 present.	 The	 roots	 were	 fixed	 in	 formaldehyde:ethanol:acetic	 acid
(4%:50%:5%)	for	at	least	48 hours,	before	being	stored	in	70%	EtOH.	Although	sampling	was	constrained	by	the	species	available	in	cultivation,	we	were	able	to	select	pairs	of	closely	related	species,	such	that	the	species-pairs	come
from	phylogenetically	widely	 separated	genera.	Secondly,	 in	order	 to	control	 for	 sectioning	artifacts,	 re-hydrated	 roots	of	42	species	 from	seven	genera	 (harvested	 from	herbarium	specimens,	 see	Table	S1)	were	embedded	 in	2-





















fashion.	 In	order	 to	do	 this,	 I	 randomly	reshuffled	 the	states	of	each	character	1000	 times.	This	keeps	 the	proportion	among	 the	character	states,	as	well	as	 the	character	model.	The	observed	number	of	 steps	needed	 to	 fit	 the
character	on	the	tree	is	then	compared	to	the	distribution	of	steps.	This	constitutes	a	tail	probability	test,	which	I	interpreted	to	be	one-sided	(the	observed	number	of	steps	should	always	be	less	then	randomized	number	of	steps).	I
assigned	*	as	fewer	than	100	trees,	**	fewer	than	50	and	***	as	fewer	than	10	trees.	This	test	is	implemented	in	Mesquite	3.31.









the	CHELSA	database	 (Karger	et	 al.,	 2017)).	 These	 variables	were	 selected	as	 they	 can	be	assumed	 to	 impact	 on	 root	 function.	The	 contribution	of	 each	anatomical	 character	 to	 each	 functional	 traitsyndrome	was	 estimated	 using
Spearman	correlations	(these	were	mostly	scored	as	binary	characters),	and	the	ecological	correlates	of	each	explored	with	multiple	linear	regressions.	In	order	to	explore	the	evolution	of	the	functional	traitssyndromes,	the	optimal




















































































































scattered	metaxylem	vessels;	nested	 in	 this	group	 the	Restio	 subgenera	Locapsis,	Ischyrolepis	and	Restio	 generally	have	heavily	 thickened	pericycle.	This	 is	 constrasted	 to	 the	 thin-walled	 (and	 few-celled)	pericycles	 typically	 found	 in	Restio	 subgen.























Functional	trait	1 Functional	trait	2 Functional	trait	3 Functional	trait	4
lm plm lm plm lm plm lm plm
MAP ** * *** ns * ** ns ns
Seasonality ns ns ns ns ns ns ns ns
Soil	drainage *** * *** ** ns ns ns ns
R2 0.081 0.084 0.183 0.186 0.011 0.022 0.003 0.008
















































































































































Restionaceaerestios	 in	 the	 Cape.	 Rene	 Stalder	 cultivated	 my	 Restionaceaerestios	 in	 the	 Zurich	 Botanical	 Garden.	 The	 research	 and	 fieldwork	 was	 funded	 by	 the	 University	 of	 Zurich,	 Swiss	 Science
Foundation	(31003 A_152982),	and	the	Claraz	Foundation	(31003A_152982),	and	the	Claraz	Foundation.
Appendix	A.	Supplementary	data
Supplementary	material	related	to	this	article	can	be	found,	in	the	online	version,	at	doi:https://doi.org/10.1016/j.ppees.2018.08.004.
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